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Abstract
Objectives To evaluate the association between cigarette
smoking and the frequency of apical periodontitis in female
and male patients seeking treatment at the University of
Basel (KREBS Project).
Materials and methods This cohort study included full-
mouth periapical radiographs of 161 subjects, including 66
current smokers, 26 former smokers and 69 individuals who
had never smoked. The periapical region of all teeth was
radiographically evaluated using the Periapical Index (PAI)
score. Generalised linear mixed-effects models using the
logit link were performed.
Results The frequency of apical periodontitis differed
based on gender and smoking status. Current male
cigarette smokers with <10 or ≥10 pack years showed
frequencies of apical periodontitis of 12 % and 5.5 %,
respectively, compared to 3.8 % in individuals who had
never smoked. The corresponding data for female smokers
were 5.7 % and 7.2 % in smokers with <10 or ≥10
pack years, respectively, versus 5.2 % in individuals
who had never smoked. The factors “prevalent coronal
restoration” (p<0.001), “prevalent root canal treatment”
(p<0.001) and “quality of root canal filling” (p<0.001)
were significant predictors for apical periodontitis. After
adjustment for quality of root canal filling cigarette
smoking was not associated with apical periodontitis in
current female and male smokers with <10 or ≥10 pack
years (p>0.05).
Conclusion Smoking status did not predict apical periodon-
titis in females and males in this sample group.
Clinical relevance With respect to quality of root canal
filling, tobacco use may not be a significant predictor for
apical periodontitis.
Keywords Smoking . Tobacco . PAI . Apical periodontitis .
Endodontics . Radiology
Introduction
Tobacco use was considered to be a potential risk factor for
apical pathology in two recent systematic reviews [1, 2].
However, data regarding an association between tobacco
use and apical periodontitis are controversial due to: (a)
the different radiographic methods used for the assess-
ment [3, 4], (b) the assessments of apical periodontitis
itself [3, 5–7], (c) smoking characteristics and/or categories [3,
5, 8–10] and/or (d) the inclusion of potential confounding
factors [3, 7, 11].
Several potential pathogenetic mechanisms have been
suggested for tobacco induced pathogenesis. The detrimen-
tal effect of active and passive tobacco use on the periodon-
tal tissues depends on the number of cigarettes a patient
currently smokes, the intensity and duration of smoking
(pack years) and/or the time since smoking cessation
[12–14]. Tobacco smoking affects the humoral- and cell-
mediated immunity of the host [15, 16], including neutro-
phil mediated mechanisms leading to oxidative stress [17].
Smoking also affects bone metabolism, resulting in a de-
creased intestinal uptake of Ca2+ [18] or an increased secretion
of the bone resorbing factors PGE2 and IL-1β by monocytes
after challenge with lipopolysaccharides [19]. In addition,
smokers often exhibit impaired wound healing [20, 21]. The
anatomical proximity of the periapical region and the peri-
odontal structures as well as the structural similarity reasons
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the hypothesis of an impact of tobacco on the pulpal diseases
and the periapical region.
The prevalence of tobacco use differs among men and
women in Switzerland. A study published in 2007 shows
that approximately 32 % of men declare themselves to be
smokers, whereas the smoking prevalence in women is 26%
[22]. Recent evidence has identified gender differences in
socioeconomic status, including education and employment
status, and in oral variables such as plaque control and
periodontal diseases [4, 23–26]. There are only few data
considering a possible gender-specific influence of smoking
on apical pathologies [3, 4, 7]. However, the analyses were
performed in one gender only, i.e., females [3] or in males [7]
or demonstrated a negligible impact of gender on apical
periodontitis with respect to smoking status [4]. In the latter
study, apical periodontitis was assessed on panoramic radio-
graphs, which probably leads to an overestimation of apical
pathologies [27, 28]. Therefore, the extent to which tobacco
use influences pulpal and periapical conditions in females and
males remains unclear and was an object of investigation in
the present study, launching the KREBS (Klinisch-Radiologi-
sche Evaluation einer Basler Subpopulation) Project. The aim
of this project is to characterise the population seeking treat-
ment at the University of Basel. Beside the assessment of
clinical and radiographic data, socioeconomic data were also
collected and considered in the analysis. Several sub-projects,
including the (a) analysis of risk factors for tooth loss [29], (b)
attachment loss at root canal treated teeth or (c) the quality of
root canal fillings in this population are in progress.
We hypothesised an association between apical periodon-
titis and cigarette smoking. Therefore, the objective of this
analysis was to evaluate the association between cigarette
smoking and the frequency of apical periodontitis in female
and male patients seeking treatment at the University of
Basel.
Materials and methods
Analysis of the patient group
The records of patients from the pool of patients in the
Department of Periodontology, Endodontology and Cariology
at the University of Basel, Switzerland, were consecutively
screened during January 2009 and October 2011. The study
was approved by the Ethics Research Committee of the
University of Basel, Switzerland (EK: 279/09). Patients
who had been treated in the Department of Periodontology,
Endodontology and Cariology for the first time between 1998
and 2011 were included if they met the following criteria:
(1) Complete clinical and radiographic examinations were
available.
(2) Complete medical records were available.
(3) No invasive dental treatment had been performed prior
to the clinical and radiographic examinations per-
formed at the Department of Periodontology, Endodon-
tology and Cariology.
Assessment of risk factors and covariates
Tobacco use was assessed using a standardised tobacco use
history data sheet for every patient seen since the year 2006
[30]. The questionnaire asked for detailed information re-
garding each patient’s history of cigarette smoking. Patients
who had smoked <200 cigarettes in their lifetime were
defined as “never smokers”. For patients who had attended
the clinic before 2006, the tobacco use was calculated
according to the tobacco use history data sheet with respect
to the time point of clinical/radiographic diagnostics. Cur-
rent smokers reported the average number of cigarettes
consumed. If patients claimed to be former smokers, the
time since smoking cessation was determined. The number
of pack years was calculated for every patient (by multiply-
ing the number of packs of cigarettes smoked per day— one
pack equals 20 cigarettes, historically — by the number of
years for which the person had smoked). Patients were
asked if they suffered from any systemic diseases, such as
diabetes mellitus, heart disease, any chronic diseases or
allergies, and if they were currently taking any medications.
Due to the large variance, the data were used dichotomously
(as systemic disease/medication, prevalent or not prevalent)
for statistical analysis. Educational qualifications were
expressed as “no graduation from school”, “school gradua-
tion without any vocational education”, “vocational school
graduation or currently attending vocational school” or “ad-
vanced education (university or polytechnical school)”.
“Vocational school graduation” was equal to 10 years of
school education with 3 years of additional professional
training. Patients were also asked if they were engaged in
any professional pursuit.
Clinical and radiographic examinations
All patients were diagnosed and treated according to recently
published protocols [21, 31]. The data used in this analysis
are described briefly as follows. The presence or absence of
dental plaque (plaque index [PI]) and gingival inflammation
(bleeding index, BI) was assessed by means of two indices
[32, 33]. Probing pocket depth (PPD) was measured to the
nearest millimetre at six sites on all teeth using a periodontal
probe graded in millimetres. Third molars were excluded, and
the number and percentage of the number of sites where PPD
≥5 mm were calculated and used for the analysis. Periapical
radiographs of the entire dentition were obtained using
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intraoral dental films (IP 22 Insight Doppel SP size 2; Kodak
GmbH, Stuttgart, Germany). A film holder with 90° angula-
tion (Rinn, Dentsply, Elgin, IL, USA) was used for the parallel
technique. All images were acquired with standardised expo-
sure times and X-ray tube voltages (Dental EZ HDX, 65 kV,
7 mA; Dental EZ, Hertfordshire, UK). Patient data were
transferred to a case report form and then to Microsoft Excel
for data processing.
Evaluation of radiographs
Full-mouth periapical radiographs from 161 patients with a
total of 4012 teeth were analysed independently by two
examiners (FR, BT). The samples were evaluated using
the Periapical Index (PAI) scoring system [34, 35]. Each
tooth was categorised as having normal periapical structure
(1), small changes in bone structure (2), changes in bone
structure with some mineral loss (3), apical periodontitis
with well-defined radiolucent areas (4) or severe apical
periodontitis with exacerbating features (5) [34]. Multi-
rooted teeth were given the highest PAI score detected at
any of the roots. Periapical radiographs were examined in a
dark room using a light box and an X-ray magnification
viewer (3.5×). In addition, the following criteria were
analysed:
(1) Missing teeth.
(2) Periapical conditions cannot be judged.
(3) Presence or absence of any coronal restoration (e.g.,
filling or crown) was determined using a slightly modi-
fied classification of Tronstad et al. [36] (any permanent
restoration that appeared radiographically without
differentiation) as being “intact” or “not intact”.
(4) Presence or absence of a root canal filling was deter-
mined according to Segura-Egea et al. [37], i.e., teeth
were categorised as root filled teeth if the root canals
had been filled with a radioopaque material.
(5) Quality of the root canal filling was assessed according
to Weiger et al. [38] by evaluating radiographically the
length and the density of the root canal filling, sepa-
rately. Briefly, length of root canal filling was rated
using three scores. The apical level of the root canal
filling was: (score 1) 0–2 mm short of the radiographic
apex, (2) >2 mm short of the radiographic apex, (3)
extruded beyond the radiographic apex. The density of
the root canal filling was evaluated using two scores:
(score 1) “no voids and close adaptation to root canal
walls” and (2) “voids or insufficient adaptation to root
canal walls”. According to López-López et al. [4],
quality of root canal filling was considered radiographi-
cally “satisfactory” if the root canal filling was rated with
score 1 for length and density, otherwise the root canal
filling was considered “unsatisfactory”.
Calibration of examiners
The calibration was performed according to a suggestion by
Ørstavik et al. [34]. The observers scored 100 reference
examples twice according to the PAI criteria. As a second
step, calibration was continued with data from 20 patients
(587 teeth). Teeth on which the observers did not agree
were discussed and evaluated again. As a third step, ten
patients with 281 teeth were scored, and questionable
scores were discussed until agreement was reached.
Finally, five patients with 132 teeth were scored twice
by the observers with a break of 20 min between the
evaluations.
Statistical analysis
To assess the level of agreement between the two examiners,
the weighted kappa score κ was calculated [39]. The
interexaminer- and intraexaminer-weighted kappa scores
(κ) for the five patients (with corresponding 95 % confi-
dence intervals [CIs]) were calculated. Weighting was allo-
cated according to the number of readings provided by each
patient. Weighted kappa scores κ and 95 % CIs were calcu-
lated in a Bayesian framework. The details are described by
Broemeling [40]. The observers achieved a kappa of 0.77.
The intraexaminer weighted kappa values were 0.83 (BT)
and 0.91 (FR).
After the calibration procedure, 4,012 teeth from 161
patients were scored according to the aforementioned crite-
ria. PAI scores of 1 and 2 were considered as corresponding
to normal periapical conditions; scores ≥3 were considered
to indicate apical periodontitis.
Because of the large sample sizes, t-tests were performed
to compare females and males in the study population.
Fisher's exact tests were performed for categorical variables.
A test of equal proportions was applied for “gender”. The
level of significance was p<0.05. To predict PAI 3, 4 or 5
versus PAI 1 or 2, generalised linear mixed-effects models
using the logit link were performed for both subject-specific
(e.g., age, race, smoking groups) and tooth-specific (i.e.,
coronal restoration, root canal filling, quality of root canal
filling) parameters. Odds ratios (OR) and 95 % CIs as well
as the corresponding p values were estimated. In a first step,
all parameters were separately analysed by univariate
models (data not shown) in order to select the signifi-
cant parameters for inclusion in a multivariate logistic
regression model (Tables 3 and 4). To perform separate
analyses for females and males, nested models were
executed with subject- and tooth-specific covariates as
fixed factors and subject as a random factor. All analyses were
performed with the statistical package R (The R Foundation
for Statistical Computing Version 2.12.2).
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Results
Population characteristics
The sample group analysed consisted of 161 participants (80
women and 81 men) with mean ages of 48.0±14.6 years
(women) and 47.7±12.5 years (men). Epidemiologic, socio-
economic and oral clinical patient data are presented in
Table 1.
The number of teeth and frequency of teeth with apical
periodontitis
Among female current smokers with <10 and ≥10 pack year
histories, the mean numbers of teeth per subject were 25.8
and 24.1, respectively, compared to 24.6 in females who had
never smoked. Males displayed a trend of higher mean
numbers of teeth in each smoking category compared to
females, with male current smokers with <10 pack year
histories having 25.9 teeth, current smokers with ≥10 pack
year histories having 24.8 teeth and those who had never
smoked having 25.5 teeth.
Overall, 4,012 teeth were analysed according to the PAI
criteria. After the exclusion of former smokers, 1,751 teeth
in females and 1620 teeth in males were included and
further analysed in the study (Table 2). Current cigarette
smoking in females with <10 or ≥10 pack year histories was
associated with a higher frequency of apical periodontitis
(5.7 % and 7.2 %, respectively) than that found in never
smokers (5.2 %).
Current cigarette smoking with a <10 pack year
history was associated with a pronounced frequency of
apical periodontitis (12.0 %) in males. The corresponding
frequencies for current smokers with ≥10 pack year histories
and never smokers were 5.5 % and 3.8 %, respectively
(Table 2).
Table 1 Demographic data and
characteristics of the study
population
PPD periodontal probing depth,
PI plaque index, BI bleeding
index, SD standard deviation
Characteristics Females Males p value
No. of subjects, % (n) 49.7 (80) 50.3 (81) 1
Age (years), mean ± SD 48.0±14.6 47.7±12.5 0.90
Race, % (n) 0.84
Caucasian 50.4 (66) 49.6 (65)
Non-Caucasian 46.7 (14) 53.3 (16)
In profession, % (n) 0.0019
Yes 41.6 (47) 58.4 (66)
No 68.8 (33) 31.2 (15)
Education, % (n) 0.37
No school graduation 61.1 (11) 38.9 (7)
School graduation without any vocational education 57.1 (24) 42.9 (18)
Vocational school graduation or currently attending
vocational school
56.9 (31) 43.1 (41)
Advanced education (university or polytechnic school) 48.3 (14) 51.7 (15)
Systemic diseases, % (n) 1
Yes 48.9 (22) 51.1 (23)
No 50.0 (58) 50.0 (58)
Regular medication, % (n) 0.87
Yes 50.9 (29) 49.1 (28)
No 49.0 (51) 51.0 (53)
N of teeth, mean ± SD 24.6±3.5 25.2±3.1 0.22
Oral hygiene, PI, mean ± SD 34.1±25.1 45.8±28.2 0.0061
Gingival inflammation, BI, mean ± SD 13.1±16.6 16.2±21.9 0.31
N of sites PPD ≥5 mm, mean ± SD 28.2±22.4 34.5±29.7 0.13
% of sites PPD ≥5 mm, mean ± SD 19.4±15.3 22.8±19.0 0.21
Smoking status, % (n) 0.27
Current 53.0 (35) 47.0 (31)
<10 py 21.2 (14) 15.2 (10)
≥10 py 31.8 (21) 31.8 (21)
Former 34.6 (9) 65.4 (17)
Never 52.2 (36) 47.8 (33)
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Effect of subject- and tooth-specific covariates
In order to examine the effects of tooth and subject-specific
covariates, on the presence of a PAI score of 3, 4, or 5 (apical
periodontitis) versus a PAI score of 1 or 2 (normal periapical
conditions) generalised linear mixed-effects models using the
logit link were performed separately for both gender (Tables 3
and 4). The potential effects of the confounders smoking
status, coronal restoration, root canal filling, quality of root
canal filling, age, race, profession, education, systemic
diseases, medication, oral hygiene, gingival inflammation and
periodontal probing depth (see Table 1) were initially analysed
by univariate models (data not shown). The results indicate
significant differences with respect to gender and/or smoking
status. In addition to current smoking (former smoking did not
show a significant effect), the potential covariates prevalent
coronal restoration, prevalent root canal filling and quality of
root canal filling revealed a significant effect on prediction of
PAI 3, 4, 5 versus PAI 1, 2 in univariate models. The effect of
these factors were further analysed in multivariate generalised
linear mixed-effects models using the logit link (Table 3).
Quality of root canal filling (Table 4) was separately analysed
because of its high correlation to prevalent coronal restoration
and prevalent root canal filling.
Model 1
The presence of a coronal restoration was a predictor of
apical periodontitis in female (OR04.16, p<0.001) and
male (OR03.84, p<0,001) patients, when the absence of a
coronal restoration was used as a reference (Table 3). In
females 308 and in males 208 root canal treated teeth were
identified. The pattern of the intraoral distribution of apical
periodontitis and the frequency of RCF exhibited similar
distributions in either gender (data not shown). In this cohort,
the presence of a root canal filling was a strong predictor of
apical periodontitis in females (OR09.25, p<0.001) and
males (OR06.9, p<0.001) when compared to the absence of
RCF. With respect to a prevalent coronal restoration and a
prevalent root canal filling, a differentiation according to pack
Table 2 Frequency of apical periodontitis according to the PAI score in females (a) and males (b) (numbers were rounded to one decimal place)
Subjects
(n)
Teeth
(n)
Teeth/
subject
(n)
Teeth
missing
(n)
% teeth not
judgeable
Normal periapical conditions Apical periodontitis
% teeth
with PAI 1
% teeth
with PAI 2
% teeth
with PAI 1, 2
% teeth
with PAI 3
% teeth
with PAI 4
% teeth
with PAI 5
% teeth with
PAI 3, 4, 5
(a) Smoking status
Never 36 884 24.6 124 1.2 83.4 10.2 93.6 2.9 0.7 1.6 5.2
Current 35 867 24.8 113 1.4 80.5 11.3 91.8 4.1 0.4 2.3 6.7
<10 Pack years 14 361 25.8 31 2.7 79.9 11.7 91.6 3.7 0.3 1.8 5.7
≥10 Pack years 21 506 24.1 82 0.6 80.9 11.0 91.9 4.4 0.5 2.6 7.2
(b) Smoking status
Never 33 841 25.5 83 2.0 86.5 7.8 94.3 1.5 0.4 1.9 3.8
Current 31 779 25.1 89 1.4 79.4 11.6 91.0 3.3 1.2 3.2 7.7
<10 Pack years 10 259 25.9 21 2.1 70.7 15.1 85.8 4.7 1.7 5.6 12.0
≥10 Pack years 21 520 24.8 68 1.1 83.7 9.8 93.5 2.6 0.9 2.0 5.5
Table 3 Model 1
Females Males
Predictor OR 95 % CI p value OR 95 % CI p value
Current smoker <10 py vs. never smoker 1.06 0.44–2.52 0.90 4.18 1.63–10.7 0.0032
Current smoker ≥10 py vs. never smoker 1.31 0.62–2.75 0.48 1.78 0.82–3.85 0.14
Age ≥50 vs. <50 years 1.01 0.53–1.95 0.97 1.03 0.54–1.97 0.93
RCF yes vs. no 9.25 6.70–12.8 <0.001 6.90 4.84–9.83 <0.001
Restoration yes vs. no 4.16 3.00–5.76 <0.001 3.84 2.83–5.21 <0.001
In a first step, all parameters were separately analysed by univariate models in order to select the significant parameters for inclusion in the
multivariate model. To predict PAI 3, 4 or 5 versus PAI 1 or 2, generalised linear mixed-effects models using the logit link were performed for both
subject-specific (e.g., age, race, smoking groups) and tooth-specific (i.e., prevalent coronal restoration and root canal filling) parameters. Odds
ratios and 95 % CIs as well as the corresponding p values were estimated. To perform separate analyses for females and males, nested models were
executed with subject-and tooth-specific covariates as fixed factors and subject as a random factor. All analyses were performed with the statistical
package R (The R Foundation for Statistical Computing Version 2.12.2)
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years was performed and revealed, that a history of <10 pack
years in male current smokers could significantly predict
apical periodontitis (OR04.18, p00.0032) when never
smokers were used as the reference. In male current smokers
with a tobacco use history ≥10 pack years (OR01.78, p00.14)
and in female smokers with a history of either <10 (OR01.06,
p00.90) or ≥10 pack years (OR01.31, p00.48), apical
periodontitis could not be significantly predicted when never
smokers were used as the reference.
Model 2
In addition, the effect of the possible confounder qual-
ity of the root canal filling rated as “unsatisfactory” or
“satisfactory” was analysed in a separate model. Qual-
ity of root canal filling was a significant predictor of
apical periodontitis in females (OR04.25, p<0.001) but
not in males (OR01.72, p00.26). In this model, taking
quality of root canal filling into account, current smok-
ing with <10 or ≥10 pack years did not significantly
(p>0.05) predict apical periodontitis in females or
males (Table 4).
Discussion
The present study was performed in patients seeking dental
treatment at the University of Basel to analyse the associa-
tion between cigarette smoking and radiographically
assessed periapical conditions with respect to gender. As
known from other medical fields, tobacco use induces alter-
ations in the metabolism of the vasculature, connective
tissue and bone. The immunity of the host is severely
affected by tobacco use. Due to the tobacco-induced alter-
ations, the physiological balance between anabolic and cat-
abolic mechanisms is disrupted [13, 15–17, 41]. In addition,
recent evidence suggests gender specific differences in
the prevalence of tobacco use, in socioeconomic status,
including education and employment status, and in oral
variables such as plaque control and periodontal diseases
[4, 22–26].
We therefore hypothesised a possible gender specific
impact of tobacco use on the periapical tissues. An obser-
vation of this study was a higher frequency of apical perio-
dontitis for current smokers of both genders compared with
never smokers. The frequency of apical periodontitis varied
based on gender and smoking status and the difference
between the smoking categories was more pronounced in
males compared to females. Obviously, the association of
smoking status and apical periodontitis is attenuated by the
covariates taken into the statistical model (Tables 3 and 4).
However, after adjustment for quality of root canal filling
cigarette smoking status was not significantly associated
with apical periodontitis in current female and male smokers
with <10 or ≥10 pack years (Table 3).
In a recent systematic review, the association be-
tween cigarette smoking and apical periodontitis was
analysed after the identification of nine relevant studies
[2]. In this literature review, five [3, 5, 8, 10, 11] out
of six cross-sectional studies showed an association
between apical periodontitis and cigarette smoking in
different populations. In addition, one longitudinal
study demonstrated an increased risk for root canal
treatment in current smokers [7]. A large heterogeneity
among the studies was obvious, and the results were contra-
dictory to some extent (for details, see Walter et al. [2]).
Therefore, the authors requested further evidence for the anal-
ysis of any possible association between tobacco use and
apical periodontitis. They suggested the following parameters
for further research:
(1) A defined categorisation of the history of tobacco use,
including an assessment of pack years and the defini-
tion of current, former and never smokers
(2) Periapical radiographs for the assessment of apical
periodontitis
(3) The PAI scoring system
Table 4 Model 2
Females Males
Predictor OR 95 % CI p value OR 95 % CI p value
Current smoker <10 py vs. never smoker 1.42 0.37–5.53 0.61 2.79 0.69–11.3 0.15
Current smoker ≥10 py vs. never smoker 0.95 0.29–3.08 0.93 1.00 0.25–4.01 1.0
Age ≥50 vs. <50 0.75 0.27–2.11 0.59 1.50 0.49–4.60 0.48
RCF unsatisfactory vs. satisfactory 4.25 1.84–9.82 <0.001 1.72 0.67–4.41 0.26
To predict PAI 3, 4 or 5 versus PAI 1 or 2, generalised linear mixed-effects models using the logit link were performed for both subject-specific and
tooth-specific (i.e., quality of root canal treatment) parameters. Odds ratios and 95 % CIs as well as the corresponding p values were estimated.
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(4) Analysis of data, taking into account several con-
founding factors, including subject- and tooth-specific
parameters
A dose–response relationship has been documented for
the effects of tobacco use on periodontal tissues [12, 13, 42].
Therefore, a broad categorisation of tobacco use yields
varying results, as shown in studies on the association
between apical periodontitis and tobacco use [3, 5, 8–10].
In the current study, smokers were categorised as follows:
(a) never smokers, former smokers and current smokers and
(b) according to the number of pack years (for current
smokers). Interestingly, gender-specific differences in the
frequency of apical periodontitis due to tobacco use have
not been previously reported. However, tobacco use did not
predict apical periodontitis in females and males, when
quality of root canal treatment was taken into account.
Nevertheless, the data may be interpreted with care due to
the characteristics of this Swiss cohort and the number of
patients analysed in this study.
Recently, differences in oral health were found between
males and females in a large cohort study in East Germany
(Study of Health in Pomerania [SHIP]) [23]. The authors
questioned why the women were periodontally healthier but
had fewer teeth than men. There is evidence that women
have a higher frequency of medical attendance and generally
higher health awareness [23, 24]. In addition, Meisel and co-
workers [23] found that the women in the study had a lower
socioeconomic status than the men. The higher rate of
medical attendance in females and the higher socioeconomic
status in males may affect decision-making regarding the
extraction of a compromised tooth, probably leading to
fewer extractions in males. In the patient group in this study,
significantly fewer women were engaged in a professional
pursuit, the oral hygiene was significantly better in females
and there was a higher prevalence of root canal treated teeth
(Table 1). These results are consistent with those of a German
cohort study to a large extent [23]. Gender differences
regarding the frequency of apical periodontitis were docu-
mented in this cohort (Tables 1, 2, 3 and 4).
The outcome of endodontic treatment and/or the frequen-
cy of apical periodontitis may be affected by several cova-
riates, including systemic health [11, 43], socioeconomic
parameters [44] or oral variables [45, 46]. A further possible
confounder, in particular in woman with osteoporosis, might
be the bone mineral density, due to their suggested impact
on alveolar bone texture [47, 48]. In this study on patients
seeking dental treatment at the University of Basel, patient
characteristics, age, race, education, prevalence of systemic
diseases and regular medication were (a) similar among
women and men and (b) seemed to not be predictive of
apical periodontitis. Marending and co-workers [43] ana-
lysed the impact of an altered immune system, assessed as
various prevalent systemic diseases, on the outcome of
endodontic treatment. In this study, the subject’s immune
system was a significant predictor of the outcome of the
endodontic treatment [43]. In addition, a recent study on
hypertensive patients demonstrated a very strong positive
association with an OR of 16.8 between endodontic varia-
bles and tobacco use [11]. The results of the current analysis
of patients at the University of Basel are contradictory to
this finding as they do not demonstrate any prevalent sys-
temic disease to be a predictor of apical periodontitis in
either gender. However, a possible explanation for this
finding may be the different definitions of systemic diseases
used in both studies. Whereas Marending et al. [43] and
Segura-Egea et al. [11] focused on severe systemic conditions,
a broader categorisation was chosen in the current analysis
due to the large variability of systemic diseases in the patient
group. Further study is required regarding the possible
association between systemic factors and endodontic variables.
The current study revealed the presence of coronal resto-
ration, a root canal filling and the quality of the root canal
filling to be important predictors of apical periodontitis
(Tables 3 and 4). This finding is in agreement with the
evidence reported by Bergström et al. [49], Ng et al. [45],
López-López et al. [4] and Peciuliene et al. [50].
Conclusions
In conclusion, the frequency of apical periodontitis differed
between females and males and between current and never
smokers. Several covariates affect the association of smoking
status and apical periodontitis. However, after adjustment for
quality of root canal filling cigarette smoking was not
significantly associated with apical periodontitis in current
female and male smokers.
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